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Description 

[0001] The present invention relates to a method for maintaining the integrity of a seal-forming sheath, in particular 
a cementing sheath, positioned around a metal casing for an oil, gas, water, geothermal or analogous well. 

5 [0002] An oil, water or gas field is usually exploited via a well into which a metal casing has been inserted and held 
in place by a cement sheath to fill the space or ann ulus between the casing and the borehole. The cementing operation , 
i.e. putting the sheath into position consists in injecting a cement slurry into the casing to cause the drilling mud in 
particular to rise up and be evacuated via the annulus which is then gradually filled with the slurry. After the slurry has 
set and hardened, a cement sheath is obtained which prevents any fluid communication between the various formations 

10 through which the well passes, and which acts as a support for the metal casing. 

[0003] Well-cementing is an operation that is very difficult because it requires several parameters to be taken into 
consideration and kept under control. For example, a slurry with too high a density can cause the rock to fracture, while 
a slurry with too low a density can cause external fluids to intrude. While slurry density is a parameter which is relatively 
easy to control, this is not true of its rheological properties. Such problems, which are inherent to any well-cementing 

'5 operation, are well known to the skilled person, and solutions generally consist in adding various additives to the slurry, 
the selection of which is not always clear and varies from one well to another. 

[0004] However, even in a situation where this cementing operation is carried out under good conditions to obtain a 
sheath which seals and supports once the slurry has set and hardened, it is not long before that sheath is subjected 
to mechanical and/or thermal stresses which can cause the sheath to deteriorate, and this can culminate in well op- 
20 erating conditions being put into doubt. 

[0005] Such problems linked to sheath deterioration over the lifetime of the well are not novel in themselves and are 
well known to the skilled person, but up until now no practical approach has been made to attempt to provide a solution 
to such problems. 

[0006] A discussion of the analysis of cement failure and potential solutions to its problems is found in SPE 38598 
25 "Cement Design Based on Cement Mechanical Response" M. J. Thiercelin et al. 1997 SPE Annual Technical Confer- 
ence and Exhibition, San Antonio, Texas 5-8 October 1 997. A principal aim of the invention is to analyse more precisely 
the mechanical and/or thermal stresses to which the sheath may be subjected during the lifetime of the well, the effects 
of these stresses and the influence of mechanical and/or physical parameters of the cement, the casing and/or the 
rock on these stresses, to obtain a solution which can clearly answer these problems of sheath deterioration. 
30 [0007] To this end, the invention provides a method which is characterized in that it consists in: 

• calculating or estimating pressure and/or temperature variations in the well and/or variations in in-situ stresses, 
which can occur during the lifetime of the well; 

35 ♦ for a given sheath, evaluating the various stresses which will be applied to that sheath, in particular as a function 
of the variations defined above and taking into account the geometrical characteristics of the well and of the casing, 
and also the mechanical properties of the rock; 

• from the above evaluation of the various stresses, determining the nature of the stress which is likely to cause 
40 sheath deterioration in the first instance; 

• evaluating the influence of the mechanical and/or physical properties of the sheath, the rock and/or the casing on 
the above-defined stress; 

45 » selecting a sheath with mechanical and/or physical properties which are likely to attenuate the effects of the above- 
defined stress; and 

• positioning the sheath as selected in this way around the well casing. 

so [0008] In general, analysis of the data obtained by modelling and which has served as a basis for the definition of 
the method of the invention has served to identify three main types of deterioration which can damage the sheath, 
namely cracking due to failure in tension or in shear, or detachment at the interfaces with the casing and the sheath. 
[0009] An analysis of the influence of the mechanical and/or physical properties of the sheath, of the casing and/or 
of the rock on these types of deterioration has enabled the method of the invention to be refined to attenuate the risk 

55 of these types of deterioration occurring. 

[0010] Thus, in accordance with two further characteristics of the invention, the method includes: 

• taking the elastic properties of the sheath into account, and selecting a sheath for which the ratio between its 
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tensile strength and its Young's modulus is as high as possible, and/or 

• also taking the elastic properties of the rock into account, and selecting a sheath with a Young's modulus which is 
lower than the Young's modulus of the rock. 

5 

[0011] With such provisions, the method can attenuate the risk of a crack occurring in the sheath, in particular as a 
result of an increase in well pressure and/or temperature. 

[0012] If well pressure increases, the method can also include increasing the thickness of the casing to limit its 
deformation. 

10 [001 3] If well temperature increases, the method can also include controlling the increase in temperature to attenuate 
the effects on the sheath. 

[0014] In a further feature of the invention, the method also includes placing the sheath in compression while it is 
being positioned around the well casing. 

[0015] With such an arrangement, the method can also attenuate the risk of sheath detachment occurring, in par- 

15 ticular following a reduction in pressure at the sheath-rock interface. 

[0016] In general, the experimental data as obtained numerically and/or mathematically on studying the risks of the 
cement sheath failing under tension or shear and the risk of sheath detachment at the casing-sheath and sheath-rock 
interfaces as a result of the mechanical and thermal stresses to which the sheath will be subjected during the lifetime 
of the well have led to the discovery that these risks can all be substantially attenuated, in particular by adjusting the 

20 elastic properties of the cement. 

[0017] Thus this data has led to the development of a method which can be used to define the properties required 
for the sheath, in particular its elastic properties, before proceeding to position it around a well casing. 
[0018] Cements for cementing sheaths which have the required properties after setting and hardening of the cement 
slurry are currently selected essentially by adjusting the rheological properties of the slurry. This means defining nu- 

25 merous slurry compositions. 

[001 9] Under such conditions, the method of the invention can also be used as a tool to test slurry compositions and 
determine, for a given well, their ability to withstand the strains of various mechanical and/or thermal stress systems 
to which the cementing sheath will be subjected during the lifetime of the well. 

[0020] An important advantage of the invention is that carrying outthe method does not require the well to be equipped 
30 with additional technical means to protect the cement sheath. 

[0021] Further characteristics, advantages and details of the method of the invention become apparent from the 
description below which is made with reference to the accompanying drawings, given by way of example for a cementing 
sheath and in which: 

35 • Figures 1 to 4 are graphs of the stresses to which the cement sheath is subjected during an increase in well 
pressure, and the influence of the elastic properties of the cement and rock on the tensile strength required for the 
cement to avoid failure under tension in the sheath; 

• Figures 5 to 9 are graphs of the stresses to which the cement sheath is subjected during an increase in the tem- 
40 perature in the well and the influence of the elastic properties of the cement on the tensile strength required for 

the cement to avoid failure under tension in the sheath; 

• Figures 10 to 13 are graphs of the stresses to which the cement sheath is subjected during an increase in the 
pressure at the sheath-rock interface, and the influence of the elastic properties of the cement on these stresses; 

45 and 

• Figures 14 to 16 show graphs of the stresses to which the cement sheath is subjected during a reduction in the 
well pressure, and the influence of the elastic properties of the cement on these stresses. 

so [0022] In general, the cement sheath of a well is subjected to mechanical and/or thermal stresses over time which 
can be resolved into tangential, axial and radial stresses which are in extension or compression. 
[0023] The assumption made in the study which was carried out on these stresses was that the axial stresses are 
practically zero, and essentially only the tangential and radial stresses in a plane perpendicular to the well axis were 
considered. 

55 [0024] As indicated in the preamble, an analysis of these stresses and the data recorded during the study have 
enabled three principal types of deterioration to be determined which can damage the integrity of the cement sheath 
during the lifetime of the well. 

[0025] I. The first type of deterioration is a risk of tension failure of the sheath with the appearance and propagation 
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of radial cracks in the cement which can result in particular from an increase in well pressure or temperature. 
[0026] This type of tension failure of the sheath is essentially caused by the action of tangential stresses which are 
in extension, while the radial stresses are in compression, Since the tensile strength of a cement is always substantially 
lower than its compressive strength, the tangential stresses will be the first to cause possible cracking of the cement. 
5 [0027] A. An increase in well pressure can occur when drilling a new section of the well, during leakage tests, during 
casing shoe tests, when perforating the casing and when stimulating the formation or the reservoir by hydraulic frac- 
turing. Such a pressure increase can be as high as 30 MPa to 40 MPa. 

[0028] With reference to Figures 1 to 4 based on the study data, the stress conditions in the cement are examined 
below for an increase of the order of 6.90 MPa in well pressure. 
10 [0029] Consider a well with the following characteristics: 



• borehole diameter: 215.9 mm; 

• external diameter of casing: 117.8 mm; 

• internal diameter of casing: 1 52.5 mm; 
15 • gross casing weight: 52 kg/m; 

• Young's modulus of casing 200 GPa, of cement 5 GPa, and of rock 1 0 GPa. 



[0030] The tests were carried out using a slurry formulated with Holnam H C4474 cement with the following compo- 
sition (gal/sk = 3.78 liters (I) per 94 pound (lb) (42.6 kg) sack of cement, namely 1 gal/sk = 0.088 1 of additive per kg 
20 of cement; 1 ppg =0.1198 g/cm 3 . The quantity of water is given as the percent by weight with respect to the weight of 
cement. 



Latex D600 
(gal/sk) 


Stabiliser 
D135 (gal/ 
sk) 


Dispersing 
agent D80 
(gal/sk) 


Reading 
agent D801 
(gal/sk) 


Anti-foam 
D144(gal/ 
sk) 


Water (%) 


Density 

(ppg) 


Porosity 


0 


0 


0.060 


0.070 


0.03 


37.78 


16.4 


55.41 


1 


0.1 


0.03 


0.02 


0.03 


28.87 


16.4 


49.24 


2 


0.2 


0.045 


0.02 


0.03 


19.3 


16.4 


43.23 


3 


0.3 


0.075 


0.015 


0.03 


9.67 


16.4 


37.30 


4 


0.4 


0.15 


0 


0.03 


1.45 


16.2 


33.19 



[0031] D600, D135, D80, D801 and D144 are additives sold by Schlumberger Dowell. 

[0032] The stress conditions in the cement were calculated assuming the cement, the casing steel, and the rock to 
be thermoelastic or poroelastic materials and the cement/rock and cement/casing interfaces to be complete or non- 
existent. Further, once setting had occurred, internal stresses in the cement were assumed to be absent. 
[0033] The risk of failure of the cement could be analysed by means of the Mohr-Coulomb criterion which states that 
the stress t tending to cause failure is limited by the cohesion of the material and by a constant which is analogous to 
the internal coefficient of friction multiplied by the normal stress o n exerted in a plane perpendicular to the plane of 
failure. 

[0034] Figures 1 and 2 show the radial stress conditions (Figure 1) and the tangential stress conditions (Figure 2) 
in the sheath as a function of the distance from the well axis, i.e., between the casing-sheath interface and the sheath- 
rock interface. 

[0035] Examination of these two Figures 1 and 2 shows: 



• that the radial stresses are in compression; 

• that the tangential stresses are in extension; and 

• that the tangential stress in extension is at its highest at the casing-sheath interface. 

[0036] Thus it is the tangential stress in extension as applied at the casing-sheath interface that makes it possible 
to determine the tensile strength which the cement must possess in order to avoid the appearance and propagation 
of radial cracks. 

[0037] The influence of the elastic properties of the sheath and of the rock on the tensile strength required for the 
cement are examined below. 

[0038] Figure 3 shows the variations in the values of this tensile strength as a function of the Young's modulus of 
the cement for various values of the Young's modulus of the rock. Curves C1 to C5 correspond to values of rock Young's 
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modulus which are of the order of 1 GPa, 5 GPa, 1 0 GPa, 20 GPa and 30 GPa respectively. 

[0039] An examination of each of curves C1-C5 shows that the tensile strength required for the cement increases 

with the value of its Young's modulus. 

[0040] Now, although the study data also shows that the tensile strength of the cement increases with the value of 
5 its Young's modulus, it must not be concluded that a cement with a high tensile strength will be more resistant than a 
more flexible cement with a lower tensile strength. 

[0041] In fact, curves C1-C5 show that the tensile strength required for the cement diminishes with the Young's 
modulus of the rock, i.e., when the cement is more flexible than the rock, the rock acts as the mechanical support. 
[0042] As an example, a cement obtained from a slurry with the composition given above has a Young's modulus of 

10 the order of 7800 MPa, and a tensile strength of the order of 4 M Pa, shown at point A in Figure 3. By adding an additive 
such as a styrene-butadiene type latex to this cement slurry in the following proportions: 2 gps (point B), 3 gps (point 
C) and 4 gps (point D), the cement is rendered more flexible and its Young's modulus and tensile strength are reduced. 
[0043] Considering a rock with a Young's modulus of 10 GPa (curve C3), the tensile strength of cements A and B 
will be insufficient to avoid tension failure of the sheath on increasing the well pressure by a value of the order of 6.90 

15 MPa. In contrast, the tensile strength of cements C and D will be sufficient to avoid tension failure since points C and 
D are above curve C3. 

[0044] Figure 4 is analogous to Figure 3 but for a casing of lower weight. It can be seen that the slopes of curves 
C1-C5 in Figure 4 are steeper than the corresponding curves in Figure 3, i.e., the tensile strengths required for the 
cement increase because the casing undergoes greater deformation under the action of an increase in well pressure. 
20 [0045] In general, the data from the studies also shows that the tensile strengths required for the cement vary sub- 
stantially linearly with the increase in well pressure, the value of these tensile strengths being multiplied by two when 
the pressure increase doubles. 

[0046] An examination of the preceding figures also shows that the tangential stresses become more and more 
compressive when the Young's modulus of the cement is very low and the Young's modulus of the rock is very high. 
25 Under these particular conditions, the risk of failure of the sheath under tension is substantially reduced. 

[0047] The study data has demonstrated that the risk of failure of the cement sheath under tension as a result of an 
increase in well pressure is attenuated: 

• if the ratio between the tensile strength of the cement and its Young's modulus is as high as possible; and/or 

30 

• if the Young's modulus of the cement is lower than the Young's modulus of the rock; and/or 

• if the thickness of the casing is increased. 

35 [0048] B. An increase in well temperature can occur, in particular during production of formation fluids, in which case 
it can reach a value of about 100°C, and during injection of steam into a formation to stimulate production, in which 
case it can reach a value of about 300°C. 

[0049] The study was carried out considering the following parameters: 





casing 


cement 


rock 


solid density (kg/m 3 ) 


8000 


1900 


2100 


specific heat (5Jkg- 1 K _1 ) 


500 


2100 


1900 


thermal expansion coefficient (K _1 ) 


1.3X10" 5 


1.3X10' 5 


1.3X10*5 


thermal conductivity (W/mK) 


15 


1 


1 



[0050] The stress conditions in a cement with the above characteristics are examined below using Figures 5 to 9 for 
an increase of 55.6°C in the well temperature. 
50 [0051] Figures 5 and 6 show the radial stress conditions (Figure 5) and the tangential stress conditions (Figure 6) 
in the sheath as a function of distance from the well axis, measurements being made 1 00 seconds after increasing the 
well temperature. 
[0052] These two figures show: 

5 5 • that the radial stresses are in compression (Figure 5); 

• that the tangential stresses are in compression towards the casing-sheath interface and in extension towards the 
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sheath-rock interface (Figure 6); and 

• that the tangential stress in extension is highest at the sheath-rock interface. 

5 [0053] Thus it is the tangential stress in extension located in the majority of cases at the sheath-rock interface that 
determines the value of the tensile strength required for the cement to avoid the appearance and propagation of radial 
cracks. 

[0054] The influence of the elastic properties of the sheath on the tensile strength required for the cement are ex- 
amined below. 

10 [0055] Figures 7 and 8 show the variations in the value of this tangential stress in tension at the sheath-rock interface 
as a function of the time after the temperature increase. The curves in Figures 7 and 8 correspond to Young's modulus 
values for the cement of 10 GPa and 5 GPa respectively. 

[0056] An examination of these two Figures 7 and 8 shows that a cementwith a low Young's modulus is more resistant 
than a cement with a high Young's modulus. The tangential stress reaches a value of the order of 8.97 MPa in Figure 
is 7 for a Young's modulus of the rock of the order of 10 GPa, while this tangential stress only reaches a value of the 
order of 1 .3 MPa in Figure 8 for a Young's modulus of the order of 5 GPa. 

[0057] These results are similar to those observed when studying an increase in well pressure, namely that the rock 
constitutes a mechanical support for the sheath when the Young's modulus of the rock is higher than the Young's 
modulus of the cement. 

20 [0058] Figure 9 shows the variations in tensile strength required for the cement to be able to resist a tension failure 
as a function of the Young's modulus of the cement and for an increase of the order of 111 .2°C in the temperature for 
a given well, at a given depth and for a given type of rock. Figure 9 shows seven points A to G which correspond to 
cements of increasing flexibility. An examination of Figure 9 shows that cement G which is the most flexible is the only 
cement capable of avoiding tension failure of the sheath under the conditions envisaged above. 

25 [0059] The data demonstrates that the risk of tension failure of the cement sheath as a result of an increase in well 
temperature is attenuated: 

• if the ratio between the tensile strength of the cement and its Young's modulus is as high as possible; and/or 

30 • if the Young's modulus of the cement is lower than the Young's modulus of the rock. 

[0060] Further, this risk of tension failure of the sheath can be greatly reduced if the temperature rise can be controlled 
to reduce the effects of temperature on the sheath, which is possible when injecting steam into the formation to increase 
its production. 

35 [0061] In general, the tangential stresses in extension have been shown to be the first to deteriorate the sheath 
during an increase in well pressure or temperature. However, this deterioration in the sheath can be followed by further 
deterioration caused by the action of the radial stresses which are in compression, in particular in the case where the 
pressure increase in the well persists. 

[0062] ll. The second type of deterioration is a risk of shear failure of the sheath which can occur as a result of creep 
40 or compacting of the formation, or a drop in pore pressure in the formation which may result from overall in-situ stress 
conditions becoming less compressive. 

[0063] In general, all of these phenomena result in particular in an increase in the pressure, i.e., the radial stress at 
the sheath-rock interface. 

[0064] The stress conditions in the cement for an increase of the order of 6.90 MPa in the pressure at the sheath- 
es rock interface are examined below by considering a well with the geometrical characteristics defined above, and re- 
ferring to Figures 10 to 13 which are drawn up from the study data. 

[0065] Figures 1 0 and 11 show the radial stress conditions (Figure 1 0) and the tangential stress conditions (Figure 
11) in the sheath as a function of the distance from the well axis, i.e., between the casing-sheath interface and the 
sheath-rock interface. 
50 [0066] An examination of these two Figures 1 0 and 11 shows: 

• that the radial and tangential stresses are in compression; and 

• that the maximum value for the tangential stresses and the minimum value for the radial stresses are at the casing- 
55 sheath interface, the sheath having its highest probability of shear failure at this interface. 

[0067] The influence of the elastic properties of the sheath on the compressive strength required for the cement is 
examined below. 
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[0068] Figure 12 shows the variations in the radial stresses (curve C1) and tangential stresses (curve C2) in the 
sheath as a function of the Young's modulus of the cement, at the casing-sheath interface. 
[0069] An examination of Figure 12 shows: 

5 ♦ that the value of the radial stresses reduces with the Young's modulus of the cement, these stresses becoming 
more and more compressive; 

• that the value of the tangential stresses increases with the Young's modulus of the cement, these stresses becom- 
ing less and less compressive; and 

10 

• that as a result, the sheath acts as a mechanical support for the casing by reducing the value of the stresses which 
are applied thereto. 

[0070] For a well of larger diameter, i.e., if the thickness of the sheath is increased, the data shows that that has no 
15 notable effect on the radial stresses which are exerted at the casing-sheath interface. 

[0071] Figure 13 shows the variations in the compressive strength required for the cement to avoid shear failure, as 

a function of the Young's modulus of the cement and for an increase of the order of 70 MPa in the pressure at the 

sheath-rock interface. The failure criterion used was the Mohr-Coulomb type criterion, knowing that cements have an 

internal angle of friction of the order of 30°. 
20 [0072] As an example, a cement obtained from a slurry with the composition defined above has a Young's modulus 

of the order of 7800 MPa and a compressive strength of the order of 35 MPa, which is shown as point A in Figure 13. 

By adding an additive such as a styrene-butadiene type latex to the cement slurry in the following proportions: 2 gps 

(point B), 3 gps (point C) and 4 gps (point D), the cement was rendered more flexible and its Young's modulus and 

compressive strength were reduced. 
25 [0073] Thus cements A, B, C and D have compressive strength which is largely sufficient to avoid shear failure of 

the sheath under the conditions defined above. 

[0074] In general, a rigid cement will resist a compressive stress better, but a cement with a ratio between its com- 
pressive strength and its Young's modulus which is as high as possible will also be satisfactory. 
[0075] III. The third type of deterioration is a risk of detachment of the sheath at its interface with the casing and/or 
30 the rock. 

[0076] Such detachment can result from: 

• a reduction in the pressure inside the well when the density of the drilling mud used to drill a new section of the 
well is reduced or when the pore pressure in the reservoir increases; or 

35 

• a reduction in the temperature in the well or in the pressure at the sheath-rock interface during injection of a cold 
fluid into the formation during hydraulic fracturing, for example. 

[0077] In general, the tangential stresses become compressive, while the radial stresses are more and more in 
40 extension and can cause the sheath to become detached. 

[0078] A reduction in well pressure can be treated as the application of a radial stress in extension at the casing- 
sheath interface. Under these conditions, the radial and tangential stress conditions are generally similar to those 
shown in Figures 1 and 2 for an increase in well pressure, but with the opposite sign. 
[0079] In other words: 

45 

• the radial stresses are in extension with a maximum value at the casing-sheath interface, which can cause the 
sheath to become detached at this location; and 

• the radial stresses are also in extension at the sheath-rock interface, which can also cause the sheath to become 
so detached at this location. 

[0080] Detachment of the sheath can occur at one and/or the other interface depending on the degree of adhesion 
of the cement to these interfaces. 

[0081] The influence of the elastic properties of the sheath and the rock on the tensile strength required to avoid 
55 detachment of the sheath when the well pressure is reduced are examined below. 

[0082] Figure 14 shows the variations in tensile strength required for the cement at the casing-sheath interface to 
prevent detachment of the sheath, as a function of the Young's modulus of the cement and for various values of the 
Young's modulus of the rock. Curves C1 to C5 were produced which correspond respectively to values of 1 GPa, 5 
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GPa, 1 0 GPa, 20 GPa and 30 GPa for the Young's modulus of the rock, and for a reduction of the order of 6.9 MPa in 
the well pressure. 

[0083] Examination of Figure 14 shows that, in contrast to Figures 3 and 4 regarding an increase in well pressure: 

5 • that the cement tensile strength required to avoid detachment of the sheath increases with the Young's modulus 
of the rock, since the presence of hard rock prevents the sheath from deforming; and 

• that the cement tensile strength required to prevent the sheath from becoming detached also increases with the 
Young's modulus of the cement, but this increase is smaller for high values for the Young's modulus of the cement. 

w 

[0084] It could be concluded that it is desirable to have a sheath the cement of which has a high Young's modulus 
but in practice the stresses in extension are difficult to evaluate at the two interfaces of the sheath. In effect, the adhesion 
of the cement can vary depending on the presence or absence of a cake between the cement and the rock. This cake 
can be a film of drilling mud which forms during the well cementing operation when the drilling mud is evacuated via 
*5 the annulus. 

[0085] The study has demonstrated that to avoid detachment of the sheath at the interfaces, i.e., the appearance of 
a micro-annulus, the best solution is to place the cement under compression while it is being positioned around the 
casing. 

[0086] Thus the cement will store a certain amount of elastic energy which it can then release on expanding during 
20 contraction of the casing caused by a reduction in well pressure. However, a micro-annulus may be created at one of 
the interfaces if the precaution of controlling the degree of contraction of the casing and the degree of expansion of 
the cement is not taken. 

[0087] A cement under compression can be produced by using either a cement foam, i.e., a cement into which a 
gas such as nitrogen has been injected, or a cement which expands during setting to stress it. 
25 [0088] Figure 1 5 shows the radial stress conditions in cement as a function of the distance from the well axis, once 
the cement has expanded by an amount of the order of 0.5% for a Young's modulus of the order of 1 GPa and a rock 
Young's modulus of the order of 1 0 GPa. 

[0089] An examination of Figure 1 5 shows that the radial stresses are in compression from the casing-sheath to the 
sheath-rock interface, indicating that the cement is properly in compression. The study has also shown that an increase 
30 in the Young's modulus of the cement increases the radial stresses at the casing-sheath interface without substantially 
modifying the stresses at the sheath-rock interface. 

[0090] Figure 1 6 shows the radial stresses of Figure 15 after a reduction in well pressure of the order of 6.90 MPa. 
An examination of Figure 16 shows that these radial stresses are always in compression, i.e., cement adhesion is 
maintained at both interfaces. In other words, with a cement under compression, a comparative examination of Figures 

35 14 and 16 shows that the radial stresses are in compression and not in extension. 

[0091] However, the study has also shown that for a circularly shaped well, expansion of the cement can lead to a 
risk of detachment of the casing at the casing-sheath interface, in particular if the cement is more rigid than the rock. 
In order to reduce the risk of detachment and encourage expansion of the cement towards the casing, it is desirable 
to select a value for the Young's modulus of the cement which is tower than the Young's modulus of the rock. It is also 

40 desirable to calculate the amount of expansion of the cement sheath as a function of the variation in load. Too little 
expansion would not be sufficient to avoid detachment of the sheath, while too much expansion would damage the 
sheath. 

[0092] Thus the study has led to the conclusion that a risk of detachment of the sheath can be avoided: 
45 • if the ratio between the tensile strength of the sheath and its Young's modulus is as high as possible; and/or 

• if the Young's modulus of the cement is lower than the Young's modulus of the rock; and/or 

• if the cement expands during setting to place it in compression. 

so 

[0093] The same overall conclusion can be drawn as that drawn by the study regarding avoiding the risk of sheath 
cracking. 

[0094] In general, the study has also demonstrated that the conditions for reducing the risk of detachment of the 
sheath as a result of a reduction in well pressure is overall the same as in the case of an increase in well pressure with 
55 the additional condition of keeping the cement in compression with this pressure drop. 

[0095] The risk of sheath detachment can occur as a result of a variation in the in-situ stresses, in particular when 
the pore pressure in the reservoir increases. These stresses can increase by an amount of the order of 30 MPa. In 
other words, the in-situ stresses become more compressive, but the effective stresses in the cement become less 
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compressive. The effective stress is the total stress minus a function of the pore pressure. This effective stress is the 
stress which controls deformation of the solid material. 

[0096] In general, the data shows that the radial and tangential stresses are in extension but the radial stresses are 
in extension to a greater extent than the tangential stresses and the highest value of these radial stresses is at the 

5 casing-sheath interface. 

[0097] Overall, the conditions are thus similar to those corresponding to a reduction in well pressure, i.e., with a risk 
of sheath detachment which is a function of the adhesion of the cement to the casing and to the rock. 
[0098] Finally, the data shows that the influence of the pore pressure in the formation on the stresses in the sheath 
is globally similar to an increase in pressure, i.e., in the radial stress at the cement-rock interface, if the pore pressure 

10 falls, and is globally similar to a reduction in the cement-rock pressure if the pore pressure increases. 

[0099] The above study of the principal types of deterioration of the cementing sheath which can occur during the 
lifetime of the well has enabled a method to be developed which can be used to prepare a cement slurry which can 
avoid these types of deterioration in the sheath for a given well and, conversely, it has enabled a determination to be 
made as to whether a given cement slurry is capable of avoiding sheath deterioration for a given well. 

15 [01 00] This method uses computer programs which use the data concerning the characteristics of the borehole and 
the well casing, and also data on the elastic properties of the rock traversed by the well, this data being obtained by 
taking samples, for example. The software then estimates the variations in pressure and/or temperature in the well 
and/or variations in the in-situ stresses, which can occur during the lifetime of the well. 

[0101] In general, variations in well pressure and/or in temperature can be calculated quite accurately, while this is 
20 not the case for variations in in-situ stresses which must be estimated on the basis of mathematical models. 

[0102] The software then determines the stress conditions in the sheath resulting from the above variations which 
have been calculated or estimated, the type of deterioration which is likely to occur first and its risk, and the influence 
of the elastic properties of the sheath, of the casing and/or of the rock, in order to eliminate this risk of deterioration 
and as a result to select the elastic properties required for the sheath and for a given well. 

25 

Claims 

1. A method for maintaining the integrity of a sheath forming a seal, in particular a cementing sheath, positioned 
30 around a metal casing for an oil, gas, water, geothermal or analogous well in rock, the sheath being subjected to 

mechanical and/or thermal stresses during the lifetime of the well which can cause a risk of cracking of the sheath 
by failure in tension or in shear, or by detachment of the sheath at the casing-sheath and/or sheath-rock interfaces, 
the method being characterized in that it consists in: 

35 calculating or estimating pressure anti/or temperature variations in the well and/or variations in in-situ stresses, 

which can occur during the lifetime of the well; 

for a given sheath, evaluating the various stresses which will be applied to that sheath in particular as a function 
of the variations defined above and taking into account the geometrical characteristics of the well and of the 
casing, and 

40 also the mechanical properties of the rock; 

from the above evaluation of the various stresses, determining the nature of the stress which is likely to cause 
sheath deterioration in the first instance; evaluating the influence of the mechanical and/or physical properties 
of the sheath, the rock and/or the casing on the above-defined stress; 

selecting a sheath with mechanical and/or physical properties which are likely to attenuate the effects of the 
45 above-defined stress; and positioning the sheath as selected in this way around the well casing. 

2. A method according to claim 1 , characterised in that it includes taking the elastic properties of the sheath into 
account, and selecting a sheath for which the ratio between its tensile strength and its Young's modulus is as high 
as possible. 

so 

3. A method according to claim 2, characterised in that it also includes taking the elastic properties of the rock into 
account, and selecting a sheath with a Young's modulus which is lower than the Young's modulus of the rock. 

4. A method according to any preceding claim, characterised in that it includes placing the sheath in compression 
55 while it is being positioned around the well casing. 

5. A method according to any preceding claim, characterised in that it includes calculating the expansion of the 
sheath which is necessary to avoid detachment of the sheath at the sheath-rock and/or sheath-casing interfaces. 
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6. A method according to any preceding claim, characterised in that it also includes increasing the thickness of the 
well casing to limit its deformation when the well pressure increases. 

7. A method according to any preceding claim, characterised in that it includes, prior to injecting a fluid vapour into 
5 a formation traversed by the well to stimulate production, controlling the temperature increase in the well to atten- 
uate the effects of temperature on the casing. 



Pate ntansp ruche 

10 

1 . Verfahren zur Aufrechterhaltung der Integritat einer eine Dichtung bildenden Hulse, insbesondere einer Zemen- 
tierhulse, die urn eine Metallverrohrungfurein OI-, Gas-, Wasser-oderein geothermischesoderahnliches Bohrloch 
in Gestein angeordnet ist, wobei die Hulse wahrend der Lebensdauer des Bohrlochs mechanischen und/oder 
thermlschen Beanspruchungen unterliegt, die die Gefahr eines Springens der Hulse durch Spannungs- Oder 

*s Scherbruch Oder durch Ablosung der Hulse an der Verrohrung/Hulsen- und/oder an der Hulsen/Gestein-Grenz- 

ffache hervorgerufen werden kann, wobei das Verfahren dadurch gekennzeichnet ist, daB es darin besteht: 

Druck- und/oder Temperaturschwankungen im Bohrloch und/oder Schwankungen der Beanspruchungen vor 
Ort, die wahrend der Lebensdauer des Bohrlochs auftreten konnen, zu berechnen oder zu schatzen; 
20 fur eine gegebene Hulse die verschiedenen Beanspruchungen zu bewerten, die auf diese Hulse insbesondere 

in Abhangigkeit von den oben definierten Schwankungen ausgeiibt werden, und die geometrischen Eigen- 
schaften des Bohrlochs und der Verrohrung und auBerdem die mechanischen Eigenschaften des Gesteins 
zu berucksichtigen; 

aus der obigen Bewertung der verschiedenen Beanspruchungen die Art der Beanspruchung zu bestimmen, 
25 die wahrscheinlich eine Verschlechterung der Hulse zu einem ersten Zeitpunkt hervorruft; 

den EinfluB der mechanischen und/oder physikalischen Eigenschaften der Hulse, des Gesteins und/oder des 
Gehauses auf die oben definierte Beanspruchung zu bewerten; 

eine Hulse mit mechanischen und/oder physikalischen Eigenschaften auszuwahlen, die die Wirkungen der 
oben definierten Beanspruchung wahrscheinlich abschwachen; und 
30 die Hulse, die auf diese Weise ausgewahlt worden ist, urn die Bohrlochverrohrung zu positionieren. 

2. Verfahren nach Anspruch 1 , dadurch gekennzeichnet, daB es die Berucksichtigung der elastischen Eigenschaf- 
ten der Hulse und das Auswahlen einer Hulse, fur die das Verhaltnis zwischen ihrer Zugfestigkeit und ihrem Ela- 
stizitatsmodul so hoch wie mdglich ist, umfaBt. 

35 

3. Verfahren nach Anspruch 2, dadurch gekennzeichnet, daB es auBerdem die Berucksichtigung der elastischen 
Eigenschaften des Gesteins und das Auswahlen einer Hulse mit einem Elastizitatsmodul, der niedriger als der 
Elastizitatsmodul des Gesteins ist, umfaBt. 

40 4. Verfahren nach einem vorhergehenden Anspruch, dadurch gekennzeichnet, daB es das Anordnen der Hulse 
unter Kompression umfaBt, wahrend sie urn die Bohrlochverrohrung positioniert wird. 

5. Verfahren nach einem vorhergehenden Anspruch, dadurch gekennzeichnet, daB es das Berechnen der Aus- 
dehnung der Hulse umfaBt, die notwendig ist, urn eine Ablosung der Hulse an den Hulsen/Gesteins- und/oder 

45 Hulsen/Verrohrung-Grenzflachen zu vermeiden. 

6. Verfahren nach einem vorhergehenden Anspruch, dadurch gekennzeichnet, daB es auBerdem das Erhohen der 
Dicke der Bohrlochverrohrung umfaBt, urn seine Verformung zu begrenzen, wenn der Bohrlochdruck ansteigt. 

so 7. Verfahren nach einem vorhergehenden Anspruch, dadurch gekennzeichnet, daB es vor dem Einleiten eines 
Fluiddampfs in eine von dem Bohrloch durchquerte Formation fur die Stimulation der Forderung die Steuerung 
des Temperaturanstiegs im Bohrloch umfaBt, urn die Wirkungen der Temperatur auf die Verrohrung abzuschwa- 
chen. 

55 

Revendlcatlons 

1 . Procede destine a maintenir I'integrite d'une gaine formant une etancheit6, en particulier une gaine de cimentage, 
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positionnee autour d'un cuvelage metallique destine a un puits geothermique ou analogue, de petrole, de gaz, 
d'eau, fore dans une roche, la gaine etant soumise a des contraintes thermiques et/ou mecaniques au cours de 
la duree d'exploitation du puits qui peuvent provoquer un risque de fissuration de la gaine par d6faillance en tension 
ou en cisailiement, ou par decollement de la gaine aux interfaces cuvelage gaine et / ou gaine roche, le procede 
etant caracterlse en ce qu'il consiste en : 

le calcul ou I'estimation des variations de pression et / ou de temperature dans le puits et / ou des variations 
de contraintes sursite, qui peuvent se produire au cours de la duree Sexploitation du puits ; 
revaluation, pour une gaine donnee, des differentes contraintes qui peuvent s'appliquer sur cette gaine, en 
particulier en tant que fonction des variations definies ci-dessus, et la prise en compte des caracteristiques 
geometriques du puits et du cuvelage, et egalement des proprietes mecaniques de la roche ; 
la determination, a partir de revaluation mentionnee ci-dessus des differentes contraintes, de la nature de la 
contrainte qui serait susceptible de provoquer une deterioration de la gaine dans le premier cas ; 
revaluation de influence des proprietes physiques et / ou mecaniques de la gaine, de la roche et / ou du 
cuvelage sur la contrainte definie ci-dessus ; 

la selection d'une gaine ayant des proprietes physiques et / ou mecaniques qui soient susceptibles d'attenuer 
les effets de la contrainte d£finie ci-dessus ; et 

le positionnement de la gaine selectionnee de cette maniere autour du cuvelage de puits. 

Procede selon la revendication 1 , caracterlse en ce qu'il comprend la prise en compte des proprietes elastiques 
de la gaine, et la selection d'une gaine pour laquelle le rapport entre sa resistance a la traction et son module 
d'elasticite de Young est aussi eleve que possible. 

Procede seion la revendication 2, caracterlse en ce qu'il comprend egalement en compte les proprietes elastiques 
de la roche, et la selection d'une gaine dont le module d'elasticite de Young est inferieur au module d'elasticite de 
Young de la roche. 

Proc6de selon Tune quelconque des revendications precedentes, caracterlse en ce qu'il comprend la mise en 
compression de la gaine lors de son positionnement autour du cuvelage de puits. 

Procede selon Tune quelconque des revendications precedentes, caracterlse en ce qu'il comprend le calcul de 
la dilatation de la gaine qui est necessaire pour empecher le decollement de la gaine aux interfaces gaine roche 
et / ou gaine cuvelage. 

Procede selon Tune quelconque des revendications precedentes, caracterlse en ce qu'il comprend egalement 
I'augmentation de I'epaisseur du cuvelage de puits afin de limiter sa deformation lorsque la pression du puits 
augmente. 

Procede selon I'une quelconque des revendications precedentes, caracterise en ce qu'il comprend, avant re- 
jection d'une vapeur de fluide dans une formation traversee par le puits afin de stimuler la production, une com- 
mande de I'augmentation de la temperature dans le puits afin d'attenuer les effets de la temperature sur le cuvelage. 
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CORPORATE INFORMATION SEMINAR 



AGENDA 



Tuesday - August 26, 2003 



Sugar Land, TX - The Forum, Rm 121 



8:30 a.m. -9:00 a.m.: 



Continental Breakfast 



9:00 a.m. -9:10 a.m.: 



Opening Remarks & Introductions 



9:10 a.m. - 10: 15 a.m.: Schlumberger Tax/Corporate Structure 

(Presented by Allen Wienecke - Tax) 

10:15 a.m. - 10:30 a.m.: Break 

10:30 p.m. - 12:00 p.m. - Schlumberger Tax/Corporate Structure, continued 
12:00 p.m. - 1 :00 p.m. - Lunch 

1:00 p.m.- 1:30 p.m.- 

A. International Corporate Structures (Non-US) 

B. "Offshore" (BVI, Cayman Islands, Panama, Netherlands Antilles) 

C. U. S. Entities 

1:30 p.m. - 2:30 p.m. - Constitutional Documents 

A. Articles of Incorporation 

B . Memorandum of Association 

C. Formation Agreement (Partnership & LLC's) 

2:30 p.m. - 2:45 p.m. - Break 

2:45 p.m. -3:15 p.m. - Corporate Minutes 

A. Shareholders & Directors-Who does what? 

B. What is important? 

C. What gets filed? 



3:15 p.m. - 4:30 p.m. - Ancillary Documents 

A. Certified Documents 

a. Secretary's Certificate 

b. Consular Legalization 

c. Use of Apostille 

d. Notarizing Documents 

B . Powers of Attorney 

a. General POA 

b. Limited POA (task specific) 

c. POA v. naming Attorney-in-Fact 

C. Named Attorneys-in-Fact 

a. Patents & Transfers (presented by John Ryberg) 

b. Attorneys-in-Fact 

D. Responsible Attorneys & Corporate Administrators 

E. Corporate Data Sheets 

SLB Page 1 22 August 2003 



a. US companies 

b. Non-US companies 
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CORPORATE INFORMATION SEMINAR 



AGENDA 



Tuesday - August 26, 2003 

4:30 p.m. - 5:00 p.m. - Winding up corporate entities 

A. Merging & Dissolving companies 

B. What Happens to Corporate Records 
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